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(g) Method for the production of aliphatic copolyester films. 

@ There is disclosed a method for the production of aliphatic copolyester fflms. The method compris s 
the steps of : 

applying esterification or ester-interchange at below 220° C to a reaction mixture of 

— an acid component selected from the group consisting of succinic acid, succinic anhydride and 
succinic acid ester, 

— 1,4-butanedioJ as a diol component 

— 2,2-dimethyM f 3-propanedioi of 1 to 30% by mole based on the mole of the acid component 

— at least one multifunctional compound of 0.01 to 1% by mole based on the mole of the acid 
component , said multifunctional compound having at least three functional groups - identical or 
different - selected from hydroxy and carboxy groups ; 

polycondensing the oligomer into an aliphatic copolyester at a temperature of 240 to 260 C C under 
reduced pressure of not more than 133.3 Pa (1 mmHg) in the presence of a catalyst ; and 
melt-extruding the aliphatic copolyester using T die. 
Improved in draw ratio, the aliphatic copolyester film provided by the method can be applied to 
various applications, such as films, bottles, glass fiber-reinforced plastics, adhesives, paints. 
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BACKGROUND OF THE INVENTION 



Field of the invention 



The pr sent invention relates, in general to a n v I methnrf w «r^. ~- 
Description of the Prior Art 

ties ^dTrewS f^T" terephthalate ' are -P-* - P^cal «nd chemica. proper- 

lIT^pSt^h.^ V3n0US aPPl,Cat '° nS - SUCh 38 fNmS - b0 " ,eS - ' 9,aSS P'asL. 

esollT^T^TT,: a ' th0U9h *• ^ ° f P3int 0r adhesiv «- '«* of processability 

especially moldab.l.ty to film. In addition, it is difficult to derive desired melt viscosity and m-it ,t»„„»h T 

^srr**? fi,ms of aiiphatic po,yester - if formed - - ^ ■« SCS; a ; 

the polyester, even ,f obta.ned by polycondensation after esterif ication or ester-interchanae is not phLIoh 

z^TrTT^T stren9,h to be ,ormed ° r processed int ° ai;.:.^ 

Tn ol ? • 31 PTOdUCt iS VCTy inferi0r in WOrkabi,it * and ™ cha nical physica. properties 
In order to improve the mechanical physical properties and melt strength, mainly used is a method of in 
creas.ng the molecular weight thereof. In this method, however, it is of importance to apZp i^y control he 
mcrease of he molecular weight because too large molecular weight of the po.yes.er Zonule* Z T 
me.t mcos-ty overly which in turn results in difficulty in passing through J Cruder onXss ng 

emo* !\1T V 6 m6,t Stre " 9th ° f 3 P ° lymer ' * Chie,ly depends °" < he elasticity of a polymer melt Ex- 
emplary factors af ecting the elasticity include the distribution of mo.ecu.ar weight, the extent^brinch f h 

£12^ ^'"r- AS *' m ° ,eCUlar W6ight iS laf9e - 38 the ***** °< is SeZst n- 
anglement of polymer melt is senous. the elasticity becomes enhanced. In case of polyester, full well is it ^ 
that steanc acd. or talc or silica particle brings the melt strength into effect 

cJ^T' C ; yS,a " iZati0n M ra,e iS a "°<her factor having great influence on the moldability of a polymer Th 
"SlXSiS ^ ° f 3 P ° ,ymer 06 COmr0 " ed aCCOfdin9 10 8 p «— i"9 -thodand thus. 

Japanese Patent Laid-Open Publication Nos. Heisei 4-189822 and 4-189823 disclose methods for oro- 
ducing polymers with enhanced melt viscosity and melt strength in which aliphatic dicarbox^c acid Ind 1 

i^lzt 00 * ar r ubj r < ; to es,erification and #*«*>^«« *»* ™i£Z£!L 

becTse ^£^^ mMm r i9WS ° f P ° ,ymere - H0WeVef ' th6Se ™ th ° d *.are uneconomical 
T »«*■"«• compound are used. Besides, the separate addition process causes compl xitv 
and difficulty in operating the method. ^ liy 

SUMMARY OF THE INVENTION 

coJ^^i^^ 01 ^ PreSem inVemi ° n 10 **** a " a,iphatfc "»<*>**« "-P-or in melt vis- 
It is an object of the present invention to provide an aliphatic copolyester superior in draw ratio 

film c L n »h,» of" ^ ° f ^ PfeSent inVe " ti0n 10 Pf0vide 3 method for producin 9 an aliphatic copolyester 
film, capable of improving physical properties of the film. «p«'yesier 

od to fhe"n rd ^. nC8 With ; h !- P I eSem inVenti0n ' tHe ab ° Ve ° bjectS ean 68 accomplished by a provision of a m th- 
? Phat,C COp0, y ester fi,ms - com P™"9 «ne steps of: applying esterification or ester- 
suSc !n h lT a T m ' X,Ure ° f a " 3Cid component f ™" 'he group consisting of succinic acid. 

5r£ k ! T SUCC,mC 3dd eStef ' 1 - 4 - butanedio1 as a did component 2.2-dimethyl-1.3-propan di I 
£ «v h by ^ °" the m ° le ° f the acid comPO^nt at least one multifunctional compound of 0 01 

o i% by mole based on the mole of the acid component, said multifunctional compound having at least thre 
factional groups - .dentical or different - selected from hydroxy and carboxy groups at below 220»C so as to 
?o 9R n=r 9 ! mef T ,XtUre: P olvcondensin 9 the oligomer into an aliphatic copolyester at a temperature of 240 

IxtrndinnTh T?. ^ d Pr6SSUre °' not m0r * than 133 3 Pa (1 mn,H 9> in the presence of a catalyst and melt- 
exiruaing th aliphatic copoly ster using T di . 

These and other objects and advantages of the present invention will becom more apparent as the fol- 
lowing description proceeds 
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DETAILED DESCRIPTION OF THE INVENTION 

The aliphatic copolyesters provided by the present invention comprise composition consisting essentially 
of aliphatic dicarboxylic acids, diols, multifunctional compounds, and monomers to control crystallinity. 
5 As a main compon nt of th aliphatic copolyester of th present invention, an aliphatic dicarboxylic acid 

is selected from the gr up consisting of succinic acid, succinic anhydride and succinic acid ster. Preferred 
succinic acid ester used in the present invention includes dimethyl succinate, diethyl succinate, dipropyl suc- 
cinate, dibutyl succinate, dioctyl succinate and the tike. 

The diol, another main component used in the copolyesters of the present invention, is 1,4-butanediol. 
10 In view of the physical properties and color of the polymer, it is advantageous that the mole ratio of the 

dicarboxylic acid to the 1.4-butane diol is in a range of approximately 1:1 to 1:2 and preferably 1:1.2 to 1.7. 

For a compound to control the crystallinity, 2,2-dimethyi-1,3-propanediol is used in the present invention. 
This compound is efficient to lower the cf ystallization rate because of its bulky side chain, -CH 3 group attached . 
This crystallinity-controlling compound is added in amounts ranging from 1 to 30 % by mole based on th 
15 mole of the dicarboxylic acid, and more preferably 1 to 25 % by mole. For example, if the amount of 2.2-dime- 
thyl-1,3-propanediol exceeds 30 % by mole, the copolyesters produced are overly reinforced with the charac- 
teristics of elastomer, so that they are insufficient for the blown film or for blow molding. On the other hand, if 
the compound is used below 1 % by mole, the addition thereof is brought into little effect. 

For the at least multif unctionai compound used in the present invention, the functional groups, which are 
20 identical or different are hydroxy or carboxy. Preferred at least multifunctional compounds include trimethylol 
propane, trimethylol ethane, glycerine, pentaerythritol. dipentaerythritol, tris(2-hydroxyethy1) isocyanurate. tri- 
mellitic acid, trimellitic anhydride, benzene tetracarboxylic acid, benzene tetracarboxylic anhydride. By virtue 
of the copolymeric reaction of the multifunctional compound, the resulting polymers are remarkably increased 
in molecular weight and hence greatly improved in melt viscosity and melt strength. 
25 It is critical that the at least multifunctional compounds are copolymerized in an amount of 0.01 to 1 % by 

mole based on the mole of the dicarboxylic acid used. For example, if they are copolymerized in amounts ex- 
ceeding 1 % by mole, the polymerization reaction is completed in short times, so as to obtain high molecular 
weight polymers but the degree of crossiinking is rapidly raised, which leads to the formation of gel. unsuitable 
polymeric state to be molded. On the other hand, if the at least multifunctional compounds are used in an 
30 amount of less than 0.01 % by mofe. the addition thereof is brought into no or little effect. 

According to the present invention, an aliphatic copolyester film is produced by applying esterif ication or 
* ester-interchange to a reaction mixture of an acid component selected from the group consisting of succinic 
acid, succinic anhydride and succinic acid ester. 1,4-butanediol. 2. 2-di methyl- 1.3- propanediol 1 to 30 % by 
mole based on the mole of the acid component, at least a multifuntional compound of 0.01 to 1 % by mol 
35 based on the mole of the acid component at below 220 °C, so as to give an oligomer mixture, polycondensing 
the oligomer into an aliphatic copolyester at a temperature of 240 to 260 °C under reduced pressure of not 
more than 133.3 Pa (1 mmHg) in the presence of a catalyst, and melt-extruding the aliphatic copolyester using 
T die. 

In order to minimize the formation of by-product and thermal decomposition, the esterif ication or ester in- 

40 terchange is carried out at reaction temperatures below 220 °C. 

As to the catalyst used in the polycondensation. tin-containing compounds or titan-containing compounds 
are useful. As the tin-containing compounds, there are exemplified tin oxides, such as stannous oxide and 
stannic oxide, tin halides such as stannous chloride and stannic chloride, stannous sulfides, and organic tin 
compounds such as monobutyi tin oxide, dibutyl tin oxide, monobutylhydroxy tin oxide, dibutyl tin dichloride. 

45 tetraphenyl tin and tetrabutyl tin. As the titan-containing compound, tetrabutyl titanate, tetramethyl titanat . 
tetraisopropyl titanate. or tetra(2-ethylhexy1) titanate may be used. The amount of the catalyst used in the poly- 
condensation is preferably on the order of approximately 1.0 x 10-* to 1.0 x 1<H mole per gram of oligomer 
obtained in the esterif ication or ester interchange. For example, if too much catalyst is used, discolorati n of 
polymer takes place. On the other hand, if too little catalyst is used, the reaction rate becomes slow. 

so Besides the above-mentioned components, the copolyesters according to the present invention may in- 

clude other additives including a thermal stabilizer and a nucleating agent 

With regard to the thermal stabilizer, useful is a phosphorous-containing compound, such as phosphoric 
acid, monomethyi phosphoric acid, trimethyl phosphoric acid, tributyi phosphoric acid, trioctyl phosphoric acid, 
monophenyl phosphoric acid, triphenyl phosphoric acid and derivatives thereof, phosphorous acid, triphenyl 

55 phosphorous acid, trimethyl ph sphorous acid and derivatives thereof, and phenyl phosph nic acid, among 
which phosphoric acid, trimethyl phosphoric acid and triphenyl phosphoric acid are xcellent Besides. Irganox 
1010. Irganox 1222 and Igaf s 168. all of which are trade names commercially avaiiabl from Ciba-G igy com- 
pany. When used as a thermal stabilizer, the phosphorous-containing compound is added in an amount of ap- 
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Fot ■ , nod a.in g ajen.. Man otaMa. (ale. solium aullioa. a, *:«„„ aimide „,„ „, „„„ 

io obwn. On >na otha, hand if In. Z2?J?1 Polymer w«h a oas»ad mttcav «*gm i, dmk:il „ 

>^"9 -'S^^^ «»*• ■ «™ D »» 0, a, 

::. 2 = 9 ror:c.£^ 

is determined f?om .^^^^^"'e^ face of the die, is measured. The percent me.t strength 



Melt Strength = °melt - d cte x10q 



wherein D ° ,E 



Doe is the diameter of the rheometer(*0.1 inch) 
It i S D know„^h a e ^ amete^ 'i n inCheS * ° f th6 "'^ate supporting a six inch length of extrudate 

r„r m 'o,Vo?^ 

.«am^'~ edOTM ' m,n '*' heW "'™^ 



EXAMPLE 1 



137a n ieoi m«. J J " - ' 2 - 2 - d,metn y<-l.3-propane diol (hereinafter referred to as "NPG") 

he^i after ^ o^Z^SS^T^ ? 7^ ° 7 9 ( ° °° 58 ° f trim « h '<* ^ 
CAT") which hadteen Qb Jiln S ■ 9 m0le, °' - S ' Urry °' ca,a,yst ("^"after referred to as 

titanatefor^ 

minu«e h : jr^s ;Te coir r 12 ,? ° c over 40 minutes and ^ » 210 ° c °- 1» 

through into the condenser W <he by " product * as com P |ete 'y Gained 

was^aT^uTtoTs ? TT * Wn the ^ W3S *"* reduced into 0 5 and the temperatur 

Physical properties for the resin and film were measured as follows- 

. Crystallization Melting Point a differential thermal analyzer is used (X) 

• Weight Average Molecular weight using gel penetration chromatography 

• Tensile Strength: according to ASTM 0 412 (kg/cm*). 
_ Elongation at Rupture: according to ASTM D 412 (%,. 
The results are given as shown in the following Table 2. 

EXAMPLES 2 T O 1Q AND COMPARATIVE EXAMPLES 1 TO 3 

Aliphatic c poly, sters and films were prepared in a manner similar to that of Example 1. except that the 
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amount of NPG and the amount and kind of the multifunctional compound were employed as given in the fol- 
lowing Table 1. 

Physical properti s also were measured as stated in Exampl 1 and the results are giv n as shown in the 
following Tab! 2. 

5 

EXAMPLES 11 AND 12 AND COMPARATIVE EXAMPLE 4 

Into a reactor equipped with a stirrer and a condenser, such components as are given in the following Table 
3 were charged. 

jo The reactor was heated from room temperature to 120 °C over 40 minutes and then to 210 °C over 120 

minutes with stirring, so as to react the contents. Thereafter, methanol, the by-product, was completely drained 
through into the condenser. 

Over 45 minutes, the pressure within the reactor was slowly reduced into 0.5 mmHg and the temperature 
was raised upto 248 °C, simultaneously with stirring for 120 minutes. After the stirring, nitrogen gas was 
f 5 charged into the reactor and a high pressure was applied, so as to give an aliphatic copolyester resin. 
An aliphatic copolyester film was produced in a manner similar to that of Example 1. 
The aliphatic copolyester and film was tested for it physical properties and the results are given as shown 
in Table 4. 

20 EXAMPLES 13 AND 14 AND COMPARATIVE EXAMPLE 5 

Into a reactor equipped with a stirrer and a condenser, such components as are given in the following Table 
3 were charged. 

The reactor was heated from room temperature to 120 °C over 40 minutes and then to 210 °C over 120 
25 minutes with stirring, so as to react the contents. Thereafter, ethanol, the by-product, was completely drained 
through into the condenser. 

Over 45 minutes, the pressure within the reactor was slowly reduced into 0.5 mmHg and the temperature 
was raised upto 252 °C. simultaneously with stirring for 120 minutes. After the stirring, nitrogen gas was 
charged into the reactor and a high pressure was applied, so as to give an aliphatic copolyester. 
30 An aliphatic copolyester film was produced in a manner similar to that of Example 1 . 

The aliphatic copolyester and film was tested for it physical properties and the results are given as shown 
in Table 4. 



35 



EXAMPLES 15 AND 16 



Into a reactor equipped with a stirrer and a condenser, such components as are given in the following Table 
3 were charged. 

The reactor was heated from room temperature to 120 °C over 40 minutes and then to 210 °C over 120 
minutes with stirring, so as to react the contents. Thereafter, propanol. the by-product, was completely drained 
40 through into the condenser. 

Over 45 minutes, the pressure within the reactor was slowly reduced into 0.5 mmHg and the temperature 
was raised upto 251 °C. simultaneously with stirring for 120 minutes. After the stirring, nitrogen gas was 
charged into the reactor and a high pressure was applied, so as to give an aliphatic copolyester 
An aliphatic copolyester film was produced in a manner similar to that of Example 1. 
45 The aliphatic copolyester and film was tested for it physical properties and the results are given as shown 

in Table 4. 

EXAMPLES 17 

50 Into a reactor equipped with a stirrer and a condenser, such components as are given in the following Table 

3 were charged. 

The reactor was heated from room temperature to 120 °C over 40 minutes and then to 210 °C over 120 
minutes with stirring, so as to react the contents. Thereafter, butanol. the by-product, was completely drained 
through into the cond nser. 

55 Over 45 minutes, the pressure within the r actor was slowly r duced into 0.5 mmHg and the temperature 

was raised upto 246 °C. simultaneously with stirring for 120 minutes. After the stirring, nitrogen gas was 
charged int the r actor and a high pr ssure was applied, so as t give an aliphatic copolyester. 
An aliphatic copolyest r film was produced in a mann r similar to that of Example 1. 
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50 



The aliphatic copolyest rand film was test d for it physical 
in Tabl 4. 



properties and the results are given as shown 



Table 1 



w 



35 



40 



Example — 
No, SA 



Composition 



BD NGP 



TME TMP TMA TMAN PNT DPNT GLY 



J5 


1 


137 


136 


12 




CI 


137 


136 






C2 


137 


136 


12 




2 


137 


136 


12 


20 












3 


137 


136 


12 




4 


137 


136 


12 




5 


137 


136 


12 


25 


6 


137 


136 


12 




7 


137 


136 


12 




C3 


137 


136 


36,3 


30 


8 


137 


136 


8 




9 


137 


136 


15 




10 


137 


136 


10 



0.7 



0.8 



1.2 



1.1 



0.8 - 

1.1 - 
0.6 



0.7 



CAT 



Q. 7 



0.8 - 



0.5 



45 



* SA : 
NGP ; 
TME : 
TMP : 
TMAN 
DPNT 
CAT : 



1.02 

1.02 

1.02 

1. 02 

1.02 

1.02 

1.02 

1.02 

1.02 

1.02 

1.02 

1. 02 

1.02 



succinic acid BD : 1, 4-butanediol 
2 , 2-dimethyl-l, 3 -propanediol, 
trimethylol ethane 

trimethylol propane TMA : trimellitic acid 
: trimellitic anhydride, PNT : pentaerythritol 
: dipentaerythritol, GLY : glycerine 

catalyst slurry 



55 
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Tab^e 2 



Physical Properties 

Example- 

No. MP(*C) IV(dl/g) MV(poise) Mw UST Elon(%) 

(kg/ cm 2 ) 





1 


105.7 


1.426 




2,700 


235,000 


650 


250 


15 


CI 


114.1 


1.178 




1,200 


78,000 


# 




C2 


105.6 


1.182 




1,300 


115,000 


300 


260 




2 


106.3 


1.435 




2,500 


264,000 


590 


190 




3 


107.4 


1.470 




2,900 


221,000 


580 


175 


20 


4 


106.6 


1.501 




2,700 


218,000 


620. 


190 




5 


106.0 


1. 382 




2,900 


268, 000 


635 


200 




6 


107.4 


1.424 




3, 100 


215,000 


670 


175 


25 


7 


105.8 


1. 395 




2,600 


249,000 


640 


220 




C3 


78.4 


1.388 




2,900 


238,000 


540 


220 




8 


110.5 


1.483 




2,500 


219,000 


560 


180 




9 


102.5 


1.406 




2,700 


222,000 


635 


220 


30 


10 


108.3 


1.422 




3,000 


215,000 


670 


230 




* MP : 


melting 


point, 


IV 


: intrinsic viscosity 




35 


MV : 


melt viscosity, 


MW 


: molecular weight 








UST 


: tensile 


: strength < 


of film, 









Elon : elongation ratio at break 
#: heterogeneous ly elongation 



45 



50 



55 
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Table 3 



10 



15 



20 



25 



30 



35 




11 


170 






136 










10 0.6 


12 


170 






136 


7.0 


C4 


170 






136 


36. 3 - 


13 




202 




136 


10.0 - 


14 




202 




136 


13.0 - 


C5 




202 




136 


36.3 - 


15 






235 


136 


14.0 - 


16 






235 


136 


11.0 - 


17 






267 


136 


12.0 0.5 



* DMS 
DPS 
BD : 
NGP 
TME 
PNT 
CAT 



0.6 



0.5 



- 1.02 
0.6 - 1.02 

- 1.02 
- 0.8 1.02 

- 1.22 

- 1.22 

- 0.95 
1.02 
1.05 



0.9 - 



diethyl succinate 
dibutyl succinate 



: dimethyl succinate, DES 
: dipropyl succinate, DBS 
1/4-dibutane diol, 

2 , 2-dimethyl-i, 3-propanediol , 

trimethylol ethane tma : trimellitic acid 

pentaerythritol DPNT : dipentaerythritol 

catalyst slurry 



40 



45 



50 
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Tabl 4 



Physical Prop rties 



5 


Exampl No. 


MP(°C) 


IV(d!/g) 


MV(poise) | 


Mw 


UST (kg/cm 2 ) ! 


Eton (%) 




1 1 


in*; 7 




2.500 


214,000 


670 


230 




i £ 




1 A7A 


2,600 


241 ,000 


555 


210 


JO 


C4 


7fl ^ 


1 ?0«? 


1,200 


114,000 


280 


350 






1 Uu. 1 




2,900 


232 000 


560 


190 




14 


103.4 


1.397 


3,100 


244,000 


640 


185 


15 


C5 


78.1 


1.187 


1.300 


125.000 


260 


340 




15 


102.7 


1.406 


2.800 


221,000 


615 


I 200 

I 




16 


104.5 


1.425 


2J00 


232,000 


560 


J 185 

I 


20 


17 


105.0 


1.433 


| 2.000 


i 253,000 


! 660 - 


| 190 



Other features, advantages and embodiments of the invention disclosed herein will be readily apparent 
to those exercising ordinary skill after reading the foregoing disclosures. In this regard, while specific embodi- 
ments of the invention have been described in considerable detail, variations and modifications of these em- 
25 bodiments can be effected without departing from the spirit and scope of the invention as described and 
claimed. 



Claims 

30 

1. A method of production of aliphatic polyester films, comprising the steps of: 

applying esterif ication or ester-interchange at below 220°C to a reaction mixture of 

- an acid component selected from the group consisting of succinic acid, succinic anhydride and suc- 
cinic acid ester, 

35 . 1 ,4-butanediol as a dk>l component, 

- 2,2-dimethyl-1,3-propanediol of 1 to 30% by mole based on the mole of the acid component, 

- at least one multifunctional compound of 0.01 to 1% by mole based on the mole of the acid compo- 
nent , said multifunctional compound having at least three functional groups - identical or different 
• selected from hydroxy and carboxy groups; 

<o polycondensing the oligomer into an aliphatic copolyester at a temperature of 240 to 260°C under 

reduced pressure of not more than 133.3 Pa (1 mmHg) in the presence of a catalyst; and 
melt-extruding the aliphatic copolyester using T die. 

2. A method of production of aliphatic copolyester films according to claim 1. wherein the multifunctional 
45 compound(s) is (are) selected from the group consisting of trimellitic acid, trimellitic anhydride, trimethylol 

ethane, trimethylol propane, pentaerythritol. dipentaerythritol and glycerine. 

3. Amethod of production of aliphatic copolyesterf ilms according to claim 1 or 2. wherein succinic acid com- 
pound is selected from the group consisting of dimethyl succinate, diethyl succinate, dipropyt succinate 

50 and dibutyl succinate. 
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(54) Method for the production of aliphatic copolyester films 



(57) There is disclosed a method for the production 
of aliphatic copolyester films. The method comprises the 
steps of: 

applying esterification or ester-interchange at below 
220° C to a reaction mixture of 

an acid component selected from the group consist- 
ing of succinic acid, succinic anhydride and succinic 
acid ester. 

1 4-butanediol as a dtol component. 
2.2-dimethyM.3-propanediol of 1 to 30% by mole 
based on the mole of the acid component, 
at least one multifunctional compound of 0.0 1 to i % 



by mole based on the mole of the acid component . 
said multifunctional compound having at (east three 
functional groups • identical or different - selected 
from hydroxy and carboxy groups: 

polycondensing the oligomer into an aliphatic copol- 
yester at a temperature of 240 to 260°C under reduced 
pressure of not more than 133.3 Pa (1 mmHg) in the 
presence of a catalyst: and 

melt-extruding the aliphatic copolyester using T die. 

Improved in draw ratio, the aliphatic copolyester film 
provided by the method can be applied to various appli- 
cations, such as films, bottles, glass fiber-reinforced 
plastics, adhesives. paints. 
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